Objective The prevalence of end-stage renal disease (ESRD) is increasing worldwide. Although increased levels of coeliac disease (CD) autoantibodies are often seen in renal disease, the importance of biopsy-verified CD for the risk of future ESRD is unclear.
INTRODUCTION
Coeliac disease (CD) is an immune-mediated disorder with a worldwide prevalence approaching 1%. 1e3 In genetically susceptible individuals the ingestion of gluten leads to a T cell-mediated inflammation of the small intestine and subsequent villous atrophy (VA). 4 Individuals with CD are at an increased risk of both autoimmune and non-autoimmune co-morbidities, including certain cancers, 5 type 1 diabetes mellitus 6 and Addison's disease. 7 The prevalence of end-stage renal disease (ESRD), defined as the need for renal replacement therapy such as dialysis or kidney transplant, is increasing worldwide. 8 Although the underlying reasons are poorly understood, increased prevalence of diabetes mellitus is an important contributor. 9 The Swedish prevalence of ESRD was 867 per million people in 2008, with an incidence of 125 per million personyears. 10 In Sweden, diabetic nephropathy is the most common reason for incident ESRD, whereas primary glomerulonephritis is the most common underlying disorder of ESRD. 10 Individuals with primary glomerulonephritis often display an activated mucosal immune system, 11 increased gut permeability 12 13 and an increased number of mucosal intraepithelial T lymphocytes, 12 suggesting impaired oral tolerance in the pathophysiology of glomerulonephritides.
14 Several studies have demonstrated increased levels of CD autoantibodies in individuals with renal disease. 15 16 In addition, some renal diseases will improve on a lowantigenic diet lacking in gluten. 17 Previous studies have suggested an association between CD and renal disease. For instance, Collin et al showed an increased prevalence of CD in individuals with immunoglobulin A (IgA) nephropathy. 18 In a recent study from our group, an increased risk of dialysis (HR 3.48, 95% CI 2.26 to 5.37) and renal transplant (HR 3.15, 95% CI 1.29 to 7.71) was seen in individuals with CD. 19 < Additional materials, including tables, are published online only. To view these files please visit the journal online (http://gut.bmj.com).
Significance of this study
What is already known about this subject?
< Individuals with coeliac disease (CD) suffer increased risk of a number of autoimmune and non-autoimmune disorders such as diabetes mellitus type 1, depression and certain cancers. < The prevalence of end-stage renal disease is increasing worldwide. < A previous study suggests an increased risk of CD among individuals with immunoglobulin A (IgA) nephropathy. < Previous studies based on inpatient diagnoses of CD suggest increased risk of end-stage renal disease and mortality due to renal disease in this population. We know of no previous study assessing the risk of renal disease in biopsy-verified CD.
What are the new findings?
< Individuals with biopsy-verified CD suffer a threefold increased risk of future end-stage renal disease. < Increased risk of end-stage renal disease is seen irrespective of age at CD diagnosis.
How might it impact on clinical practice in the foreseeable future?
Additionally, Peters et al found an increased mortality rate of nephritis in individuals with CD (standardised mortality ratio (SMR) 5.4). 20 These studies, 19 20 however, were limited to hospital-based CD. We know of no previous study assessing the risk of ESRD in biopsy-verified CD identified from the general population. We therefore performed a population-based cohort study to investigate the risk of ESRD in individuals with biopsyverified CD.
METHODS

Data sources
Intestinal biopsy data
Data from biopsies performed between July 1969 and February 2008 were collected through registry searches of all 28 pathology departments in Sweden. 21 22 Data on underlying renal disease causing ESRD were obtained through the SRR.
Covariates
Diabetes mellitus type 1 is positively associated with both ESRD 23 and CD, 24 and thus a potential confounder. In ICD7e9 the Swedish patient registers did not discriminate between diabetes mellitus type 1 and type 2. We defined diabetes as diabetes mellitus occurring before 31 years of age in the Swedish Hospital Discharge Register (for relevant ICD codes, see Supplementary table 2). Data on country of birth (Nordic vs non-Nordic) were collected from the Total Population Register. 25 From Statistics Sweden, we obtained data on education level.
Reference individuals
All Swedish residents are assigned a 10-digit personal identity number (PIN), a unique personal identifier referred to in all medical records and official registers. 26 The PIN was used by Statistics Sweden to link data from the different data sources. All data were deidentified prior to analysis to protect patient privacy. For each individual with intestinal biopsy, Statistics Sweden identified up to five reference individuals without any prior duodenal/jejunal biopsy. Reference individuals were matched for age, sex, calendar period and county. We excluded reference individuals for which the SRR or patient registers indicated ESRD before study entry.
We identified 29 096 individuals with CD and 144 522 reference individuals. After excluding individuals with prior ESRD or data irregularities, 29 050 individuals with CD and 144 363 reference individuals were included in the main analysis.
Statistics
We used Cox regression to estimate the risk of ESRD in individuals with CD compared with reference individuals without CD. Follow-up began at the time of first biopsy result (or corresponding time in matched reference individuals) and ended at first diagnosis of ESRD, emigration, death or 31 December 2008. Censoring data were obtained through the Total Population Register. Analyses were performed stratum wise (ie, each individual was compared only with his or her matched reference individuals), thereby controlling for age, sex, calendar period and county. Primary analyses included analyses stratified by age, sex, calendar period and follow-up. In secondary analyses we adjusted for diabetes mellitus, education and country of birth (Nordic country vs rest of the world). In additional analyses we adjusted for any renal disease prior to study entry, excluding all individuals with a prior diagnosis of any renal disease (for relevant ICD codes, see Supplementary table 2). We also performed an analysis in which we restricted our outcome to ESRD recorded in both a patient register and the SRR.
In supplementary analyses we adjusted for any diabetes (no age restriction) and prior use of antihypertensive drugs. We also performed a caseecontrol study investigating the risk of future CD in individuals with ESRD (see Supplementary material).
Statistical significance was defined as 95% CIs for risk estimates not including 1. At this significance level (0.05), we had 80% power to detect a 1.71-fold increased risk of subsequent ESRD in CD. PASW Statistics V.18.0 (SPSS) was used to perform the analyses.
RESULTS
Characteristics of study participants
Sixty-two per cent of the participants were female (table 1). The median age at study entry was 30 years (range 0e99 years). A majority of the study participants entered the study in adulthood. Diabetes was found in 920 (3.2%) individuals with CD 
CD and future ESRD
Of 29 050 individuals with CD, 90 (0.3%) developed subsequent ESRD (table 2) . In reference individuals, 152 individuals developed ESRD (0.1%). The incidence of subsequent ESRD in individuals with CD was 30 per 100 000 person-years, and 10 per 100 000 personyears in reference individuals. The median age at ESRD diagnosis was 41 years in both reference individuals and individuals with CD. The median length of follow-up from CD diagnosis to ESRD diagnosis was 9 years (table 1). In individuals (patients with CD and reference individuals) reported to the SRR the most common underlying renal disorder causing ESRD was diabetes nephropathy (table 3) .
We found a positive association between CD and future ESRD (HR 2.87, 95% CI 2.22 to 3.71) (table 2). The risk increase remained statistically significant after adjusting for diabetes mellitus (HR 2.52, 95% CI 1.92 to 3.31). Adjusting for education level did not significantly alter risk estimates, nor did the estimates change after adjusting for birth outside the Nordic region (data not shown). We excluded the first year of follow-up in a separate analysis. This, however, had little effect on the risk estimate (HR 2.70, 95% CI 2.05 to 3.55,). Further, when we excluded individuals with records of any renal disease prior to study entry (for ICD codes, see Supplementary table 2), a statistically significant association remained between CD and later ESRD (HR 2.47, 95% CI 1.80 to 3.40) .
In a final model we defined ESRD as having both a diagnosis of ESRD in a Swedish patient register and an independent recording of ESRD in the SRR. In this analysis patients with CD were at a 3. 
DISCUSSION
In this nationwide population-based cohort study of biopsyverified CD we found a threefold increased risk of ESRD.
Small-intestinal biopsy is the gold standard for diagnosing CD. 4 In a validation study, 96% of gastroenterologists and 100% of paediatricians in Sweden were found to use intestinal biopsy to establish the diagnosis of CD. The specificity of CD in VA is high. When we reviewed patient charts in a subset of participants, 95% (108/114) of patients with VA had CD. 27 An important strength of our study is that it includes all diagnosed cases of CD in Sweden, including the increasingly large group of adults diagnosed with CD. Another strength is that 12 912 (44.5%) individuals with CD were diagnosed after the year 2000 (table 1) . This is important since it has been suggested that milder cases of CD are diagnosed through the increasing use of CD serology. The HR of ESRD in this study was independent of calendar period and age (table 4) .
We cannot rule out that part of the increase in risk is due to surveillance bias. Such bias, however, is unlikely to explain all of the increase in risk since a significantly increased risk of ESRD remained even 5 years after CD diagnosis (table 2) . Additionally, excluding the first year of follow-up in a separate analysis had little effect on the risk estimate (HR 2.70, 95% CI 2.05 to 3.55).
Diabetes mellitus type 1 is the most common cause of incident ESRD. 22 Furthermore, diabetes mellitus type 1 is associated with CD, potentially through shared genetics (human leucocyte antigen (HLA)-DQ2/8). 28 Adjusting for diabetes mellitus type 1, however, only changed our risk estimates marginally.
We used two separate data sources (patient registers and the SRR) to identify individuals with ESRD. The Swedish Hospital Discharge Register has been extensively validated and most diagnoses have a positive predictive value (85e95%). 29e31 The SRR has been extensively used and, when validated, the authors found that >95% of persons with ESRD were reported to the SRR. 22 By restricting our analysis to ESRD reported in a patient register and the SRR, we were able to reduce possible misclassification and increased the specificity of ESRD. Applying this restriction, the risk estimate increased slightly (HR 3.20, 95% CI 2.39 to 4.28), suggesting that the positive association between CD and ESRD is unlikely to be explained by misclassification.
One limitation of our study is that we did not have any data on the occurrence of tobacco use. Smoking seems to be negatively correlated with CD, 32 33 but it is an established independent risk factor for chronic renal disease, including diabetic nephropathy. 34 35 Given these associations, the positive correlation between CD and ESRD cannot be explained by smoking. This was a study of clinical CD and not a screening study. Hence, we were unable to examine the risk of ESRD in undiagnosed CD. We cannot rule out that some individuals with undiagnosed CD are present in the reference population. Yet, such misclassification (the existence of false-negative controls) will have little effect on risk estimates in that undiagnosed CD cannot represent >1e2% of the control group. 36 Another limitation is our lack of data on dietary adherence. Poor adherence to a gluten-free diet may lead to persistent intestinal inflammation and malnutrition. In a subset of individuals with CD, 17% showed signs of low dietary adherence. 27 Our results are in line with those of Peters et al, who found an increased mortality caused by nephritis in individuals with CD (SMR 5.4: 95% CI 1.4 to 13.8). That study, however, was restricted to persons with an inpatient diagnosis of CD, 20 which may have inflated risk estimates since milder cases of CD are often diagnosed in an outpatient setting. Our results are also consistent with a previous study by our group showing an increased risk of kidney transplantation (HR 3.15, 95% CI 1.29 to 7.71) and renal dialysis (HR 3.48, 95% CI 2.26 to 5.37) in individuals with CD. 19 That study only included patients with an inpatient diagnosis of CD. Patients with CD in this earlier study were younger at study entry (median age 3 vs 30 years in the present study) and mostly diagnosed before 1990 (86% of patients in the current study were diagnosed after 1990).
Biological mechanisms underlying the positive association between CD and ESRD have yet to be established. Impaired mucosal tolerance is the characteristic hallmark of CD and has been implied in primary glomerulonephritis.
14 IgA nephropathy is the most common type of primary glomerulonephritis, progressing to ESRD in 14e50% of affected persons. 37 38 Almost all individuals with CD carry the HLA-DQ2 or HLA-DQ8 allele. 24 Individuals with IgA nephropathy seem to have the same prevalence of HLA-DQ2 and HLA-DQ8 as the general population. 18 39 HLA genes are thus unlikely to explain the association between CD and ESRD because IgA nephropathy is the most common primary glomerulonephritis worldwide. 40 Previous studies have indicated an increased risk of CD in individuals with IgA nephropathy 15 18 41 ; however, results are inconsistent. 42 In our study <10% of the patients with ESRD suffered from glomerulonephritis; however, in 20% of patients the cause of ESRD was unknown (table 3 ). An association between IgA nephropathy and CD is therefore unlikely to explain the increased risk of ESRD.
Diagnosing CD infers a rapid change in the individual's diet. Persons with CD are at increased risk of chronic glomerulonephritis. 19 High intake of protein is associated with accelerated deterioration of renal function in patients with chronic renal disease. 43 44 We cannot exclude that a rapid change in diet may have an effect on the risk of ESRD in treated patients with CD.
In conclusion, we found a threefold increased risk of ESRD in individuals with CD. Because ESRD is common, 45 especially in elderly populations, our findings have important implications for persons with CD. If others replicate our findings, we suggest an increased awareness of renal disease in patients with CD. The reference is the general population comparator cohort. ESRD, end-stage renal disease; PYAR, person-years at risk.
